Krukenbergtumor is a metastatic ovarian tumor with its primary site being the gastrointestinal tract. The pathogenesis of Krukenberg tumor formation is still in its hypothetical stage though the current understanding suggests lymphatic, hematogenous and transcoelomic route as the 3 major route of metastasis. There is a lack of description in the literature related to the pathway of metastasis. Here, we intend to search the available literature and provide a thorough review, which may be helpful to the readers to understand the issue of mechanism of Krukenberg tumor metastasis more clearly.
Introduction
Krukenberg tumor is a metastatic tumor of the ovary that originates from the gastrointestinal tract. The characteristic this kind of tumor shows is the presence of mucin-filled signet-ring cells, which account for at least 10% of the tumor [1] . The diagnostic criteria of the WHO are based on the pathological description by Serov and Scully for making the diagnosis of Krukenberg tumor [2] . The description states that the following features should be present: 1) the presence of stromal involvement, 2) the presence of mucin producing neoplastic signet ring cells and 3) ovarian stromal sarcomatoid proliferation. In ovarian metastasis, signet-ring cell carcinomas are associated more often than other carcinoma type by a ratio of about 4:1 [3] . Krukenberg tumor was first described by a German pathologist Friedrich Ernst Krukenberg in 1896 but it was only 6 years later in 1902 Schlagenhaufer pointed out the true metastatic nature of the Krukenberg tumors [4] . It is difficult to know the precise incidence of ovarian metastasis. In general, Krukenberg tumor is a rare disease. Only about 1% to 2% of all ovarian tumors are Krukenberg tumor but in some countries like Korea, Japan and China where the incidence of stomach cancer is very high this rare disease is not so un-common [5] [6] . In most Krukenberg tumor cases, stomach is the main primary site. Some studies have shown stomach cancer to be primary site in about 70% of Krukenberg tumor cases [5] . Gastric and colorectal cancers together account for almost entire (90%) of the primary site for the origin of this tumor [5] [7] . The prognosis of a Krukenberg tumor is poor. The median survival period is only 14 months, since such metastasis involves rapid cell growth and proliferation [8] . Pathologically distinguishing Krukenberg tumor from a primary ovarian cancer is not always easy. But it is very important to clinically distinguish Krukenberg tumor from the primary ovarian cancers because the treatment protocols, chemotherapy response, and prognosis are significantly different between the two [7] [9] . Complete metastasectomy provides survival benefit in selected cases. The route of metastasis of tumors originating from the gastrointestinal tract is still in the hypothetical stage. Although the mechanism of Krukenberg tumor formation remains inconclusive [10] , the current understanding suggests three major possible pathways of metastasis: lymphatic, hematogenous, and transcoelomic metastasis. Lymphatic and hematogenous metastasis meaning the cancer cells metastasis via the lymphatic channels and blood vessels respectively, where as transcoelomic metastasis is when the free-floating cancer cells spread intra abdominally. However, due to the detection of original tumor at advanced stage majority of the cases may involve mixed metastatic pathways. Lymphatic and hematogenous spread, especially lymphatic spread is widely believed to play the possible role in cancer metastasis from primary gastrointestinal site to the ovaries [10] .
Discussion
In 1902, Schlagenhaufer described the establishment of metastatic nature in most Krukenberg tumor [4] . Since then, it has been witnessed that many carcinomas, including stomach, colon, rectum, breast, thyroid, gallbladder, pancreas and malignancies originating from the female genital tract may metastasize to the ovaries [11] . Gastrointestinal tract is the major nongenital source from which most of the cancers metastasize to the ovary. Despite a century long establishment of metastatic nature of ovarian tumor, the metastatic pathway of tumor arising from gastrointestinal tract is still in its hypothetical stage [12] . Still there is very few literature description related to this issue. The reason for so may be the rare incidence of this disease "Krukenberg tumor" which renders the chance for the clinician from making a comprehensive observation. Other reason may be the fact that different doctors frequently handle patients with metastatic ovarian tumors at different periods of the disease process thus interrupting the continuity of observation. In addition ovarian metastasis is often termed as a late presentation of cancer [13] , thus the treatment is palliative which frequently do not include a comprehensive assessment of disease extension. As a result, the pathway of metastasis to the ovaries from cancers of the gastrointestinal tract has not been convincingly described [14] . It is crucial and essential to elucidate the mechanisms of Krukenberg tumor metastasis in order to improve the prognosis of such patients.
Krukenberg tumor demonstrates the selective spread of cancers, often in the stomach-ovarian axis. Because of the fact that gastric neoplasms selectively metastasize to the ovary presenting ovarian-specific metastasis without other tissues involvement, it has since long drawn the attention of many pathologists [15] . Though the primary site for metastatic ovarian cancer are various including breast, appendix, gall bladder, pancreas, uterine cervix, urinary bladder, renal pelvis etc. but the majority, more than 90% of the of the metastasis is from either stomach or colorectum [16] - [18] . Many study showed stomach to be the main primary site, some showed it being as high as 76% [16] [17] [19] . But some recent article also showed a higher incidence of KT of colorectal origin compared with those of gastric origin [17] [18] . There are various routes by which many tumors arising from primary organs spread to the ovaries. But the mechanism of Krukenberg tumor formation remains illusive. Direct spread is one of the pathways for cancer invasion into adjacent organ. Some researchers believe spread from more distant sites is mainly via other routes, for example, blood vessels, lymphatic, and surface implantation from intra-abdominal cancers. The current understanding of the mechanism of Krukenberg tumor suggests three possible pathways of metastasis: lymphatic, hematogenous, and transcoelomic metastasis. Because the original cancers are detected at advanced stagethere are many cases with mixed metastatic pathways [5] [20] [21] . Yukio Yamanishi et al. [22] investigated the metastatic pathways from the primary organs to the ovaries examining the microscopic findings from 18 original and 18 metastatic ovarian tumors. They also examined the immunohistochemical findings of metastatic ovarian tumors using victoria blue stain for vascular invasion and D2-40 expression for lymphangio invasion. Their result showed out of 7 gastric cancers, 4 cases i.e. 57% had ovarian lymphangio invasion, but none out of 6 colorectal cancers had ovarian lymphangio invasion (P < 0.05). Also among the 7 gastric cancers none had ovarian vascular invasion. On the other hand, out of 6 colorectal cancers 4 (67%) showed to have ovarian vascular invasion. There were significant differences between them (P < 0.05). Thus their hypothesis suggesting relatively higher rate of vascular metastasis from the colorectal cancers than from the gastric cancers, and relatively higher rate of lymphatic metastasis from the gastric cancers than from the colorectal cancers seems justifiable. Al-Agha and Nicastri also support the concept where they suggest the most likely route of metastasis of gastric cancer to the ovaries is lymphatic spread [5] .
Of the 3 three possible: lymphatic, hematogenous, and transcoelomic pathways of metastasis, the retrograde lymphatic spread has been evidenced by many researchers to be by far the most likely route of metastasis. As we know stomach is the main primary site for the origin of Krukenberg tumor. Several explanations have been provided in the literature to prove retrograde lymphatic spread to be the most acceptable mechanism for the metastasis of cancer from stomach to the ovary. In many cases of Krukenberg tumor lymphatic permeation is microscopically noted at the hilum and cortex of the ovary. Review of literature for early gastric carcinoma by Kakushima N, Kamoshida T, Hirai S, et al. reported 8 cases of KT where at primary gastric carcinoma cancer cells was only confined to mucosa and submucosa [23] . As we know there is a rich lymphatic plexus at the gastric mucosa and submucosa, the lymphatic spread in the above mentioned 8 cases of early gastric cancers couldthus be explained. Also some studies have shown, when the number of metastatic lymph node in the case of gastric carcinoma is increased there is a higher risk of ovarian metastasis [24] . Atrophic gastritis has also been viewed as a risk factor of metastases because in the atrophic gastritis patients, lymphatic capillaries get closer to the mucosal surfacethus facilitating more easy infiltration of the intramucosal cancer cells into the lymphatic capillaries [23] . Yamanishi, Yukio, et al. in their study stated the reason for lymphatic metastasis from stomach to the ovary as the lymphatic vessel anatomy. Via the lumbar trunk urogenital lymph vessel tracts give rise to the receptaculum chili, which connect to the intestinal trunks. Via celiac nodes the intestinal trunks connect to the gastric, hepatic, pancreaticolineal, and mesenteric nodes (superior mesenteric and mesocolic nodes). The distance from the receptaculum chili to the gastric nodes is short, so the gastric cancer cells easily metastasize via the receptaculum chili to the urogenital lymph vessel trunks, which supply the ovaries [22] . Chang et al. [25] in their study evaluated the relation of the lymph node status and ovarian metastasis in colon cancer patients. They also concluded retrograde lymphatic spread to be the route of metastasis and the ovaries were among the first organs involved with such metastasis. Kakushima N et al. [23] states in favor of lymphatic spread of KT. In ovarian hilum, ovarian cortex, mesoovarium and mesosalpinx there are large amount of lymphatic tissue where carcinomatous emboli are frequently observed in KT [23] . Tazaki T et al. had done a study to observe lymph vessel permeation in the ovarian hilum where they found all oftheir 10 cases had lymph vessel permeation by cancer cells at the ovarian hilum [26] . Further in favor of retrograde lymphatic spread, Asbun HJ et al. suggest that the cancer cells from GI carcinoma could invade the retroperitoneal lymph nodes, which could obstruct the lymphatic vessels and thus countercurrent the lymphatic fluid to the ovaries [27] .
Among other mechanisms, direct deep invasion have also been suggested by few authors to explain the progression of KT [7] . Yamanishi, Yukio, et al. in their study observed a high frequency of direct pathological invasion into the ovary in the primary cancers with location near the ovaries. Many authors have considered peritoneal spread not to be a predominant mode of ovarian metastasis of cancer cells because in most cases of KT there is absence of peritoneal involvement such as adhesions, seeding, implantations or tumor infiltration on the external surface of the ovary [3] [5] . And even on gross pathological examination these tumors present as an enlarged ovaries with bosselated surface and the capsular surface is usually smooth and lack any implants [3] . In contrast Jeung, Y.J et al. had the opinion that the most important predictor of KT is the T stage of primary carcinoma. There is a major chance of cancer cells invading the ovaries when the serosal layer or tissue beyond is invaded by GI cancer in female patients. Based on the cases of advanced T stage of primary GI cancer, the tumor cells could easily be scattered into the peritoneal cavity forming a metastasis to ovaries [7] [10] . So attention should always be paid regarding transcoelomic metastasis to ovaries from advanced GI carcinomas. The study result of Li Qiu et al. showed the 1-year and 2-year metastasis-free survival rates were 48.5% and 18.2% in T3 group, compared with 14.3% and 0 in T4 group (P = 0.031) [10] .
In contrast Kuwabara, Y et al. [28] performed an in vivo model of ovarian metastasis. In their experiments, eight different human carcinoma cell lines were transvenously and intraperitoneally implanted in immunedeficient mice to study the mechanisms underlying ovarian-specific metastasis. They examined the capacity of these cell lines for ovarian metastasis, and succeeded in establishing an in vivo ovarian-metastasis model with stromal reaction in the ovarian tumor. All cell lines demonstrating some capacity for metastasis to the ovary showed loss or reduction of E-cadherin expression thus they further investigated whether E-cadherin downregulation could be involved in ovarian-specific metastasis. And their result showed loss or reduction of E-cadherin expression on immunoblotting and/or immunohistochemistry thus they hypothesized that E-cadherin down-regulation might have some in ovarian-specific metastasis.
As we know majority of the KT patients are young females. The greater vascularity of the ovaries in young female facilitating hematogenous spread is well accepted by many authors [3] [29] . Tamura PY et al. did study of gastric carcinoma in young people. The patients they studied were all less than 36 years. They in their study found the ovaries were involved in 55% of the cases [29] . Few authors favor the theory of hematogenous spread through thoracic duct [30] . Yamanishi, Yukio, et al. [22] in their study using immunohistochemical methods found that the rate of vascular metastasis from the colorectum to the ovary was significantly higher than from the stomach to the ovary. They suggest the reason for higher rate of hematogenous metastasis from colorectum than from stomach to the ovaries is because the area, number and volume of vessels are all larger in the colon than those of the stomach. Also Moore et al. have suggested hematogenous pathways for metastasis from colon to the ovary, because in their study they found that the laterality of metastasis from colon cancer to the ovary did not correspond to the side of the primary lesion [31] .
Conclusion
Krukenberg tumor is a metastatic ovarian tumor mostly arising from stomach and colon as primary site. Mucinladen signet ring cells histologically characterize it. It is crucial and essential to elucidate the mechanisms of Krukenberg tumor metastasis in order to improve the prognosis of such patients. Despite a century long establishment of metastatic nature of ovarian tumor, the metastatic pathway of tumor arising from gastrointestinal tract is still in its hypothetical stage. The current understanding of the mechanism of Krukenberg tumor suggests three possible pathways of metastasis: lymphatic, hematogenous, and transcoelomic metastasis. Of these, retrograde lymphatic spread seems to be more acceptable pathway of metastasis. E-cadherin down-regulation as the possible mechanism of ovarian specific metastasis has been proposed. And such in vivo model of ovarian metastasis is needed in search for and to outline more definitive pathway for Krukenberg tumor metastasis.
